Program for Asbestos-related Lung Cancer: Lars Knoll, et al. Institute of Occupational Medicine, RWTH Aachen University, Germany-Objectives: In a cohort study non-response might lead to a biased selection of cohort members and may affect the validity and reliability of the study outcome. To detect the possible effects of a non-response bias on study results, we evaluated the reasons for non-participation and the differences of respondents and non-respondents in a health surveillance program for power industry workers, formerly exposed to asbestos. Methods: A cohort of former power plant workers was formed to participate in an early detection program for lung cancer. We evaluated the results of 1,019 individuals (mean age 66 yr), of which 839 took part in at least one examination, 180 refused to participate or did not respond. To obtain the reasons for non-response, we interviewed the cohort members by telephone or we requested them by mail to complete and return a brief questionnaire. Further sources of information were the communal registration offices and local health offices. Results: The main reasons for non-participation were refusal (35%), illness (23.3%), death (16.7%) and difficulties with traveling (13.3%). It was impossible to make contact with or obtain an explanation from 11.7%. In a logistic regression model we demonstrated that advanced age and a long travel distance from the study center negatively affected the participation rate (p<0.001). There was no difference between respondents and non-respondents regarding prevalence (p=0.559) and incidence of lung cancer (p=0.882). Conclusion: We concluded that in our cohort non-participation did not cause a selection bias in terms of lung cancer rates. (J Occup Health 2011; 53: 16-22) 
Field Study bias, Screening
In humans exposed to asbestos fibers, chronic inflammation is associated with epithelial cell proliferation, and fibrosis in the lungs and the pleura. These modifications of the lung and pleural structures are clinically described as asbestosis, visceral pleural fibrosis and parietal pleural plaques of the pleural linings, respectively. In the pleura, bilateral and symmetric fibrotic plaques mainly in the lower parts of the lung usually reflect environmental or occupational exposure to asbestos fibers. Tobaccosmoking is a major predominant risk factor for lung cancer and the risk of developing lung cancer in current or former smokers is greatly increased by exposure to asbestos fibers. Tobacco-smoking alters mucociliary functions and may thus impair clearance of fibers from the bronchi and alveoli 1) . Direct mechanisms of asbestos fiber carcinogenesis include genotoxic and non-genotoxic pathways 2) . It has been hypothesized that long asbestos fibers are partially phagocytized by macrophages, activating persistent production of reactive oxygen radicals. These radicals may damage DNA strands or form adducts. If the DNA damage is not accurately repaired, mutations or deletions may result 3) . Non-genotoxic mechanisms leading to increased cell proliferation include activation of growth factor receptors and intracellular signaling pathways 4) . Alternatively, direct physical damage or free-radical-mediated injury may induce apoptosis or necrosis of target cells that is compensated by cell proliferation 2) . The health effects of asbestos dust are difficult to measure and control, because of the long latency period (12-37 yr) between exposure and the occurrence of lung cancer, and the widespread, unprotected use of asbestos in the past 5) . Non-response bias is a serious methodological problem in population-based cohort studies, which may affect the validity and reliability of the results [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Previous reports have shown that nonrespondents have different characteristics than respondents, for example occupation, age, socioeconomic status or education [12] [13] [14] [15] [16] [17] [18] [19] [20] . Based on the assumption that non-respondents also differ in health status, some studies have shown higher mortality rates among those who did not participate or quit attendance; other studies have found no differences between respondents and nonrespondents 6, 9, [21] [22] [23] [24] [25] [26] [27] [28] [29] . Because the magnitude and direction of non-response bias cannot be estimated beforehand, a detailed characterization of the non-respondents has been suggested for each study 6, 12, [30] [31] [32] [33] . The main objective of our study was to identify the reasons for non-response and to characterize the differences between respondents and non-respondents in a surveillance program for the early detection of asbestos-related diseases, including lung cancer.
Materials and Methods
Our cohort consisted of 1,019 power plant workers with former exposure to asbestos, who were invited for interviews and medical examinations. Each one gave written consent to take part in this surveillance program. All participants worked in one of eight electricitygenerating power plants of a major provider of electrical power in Germany. Most of the workers were responsible for maintenance and repair at various installations of power distribution. Typical tasks were metalworker, welder, insulator or mechanic, electrician, plant operator or supervisor. In cases of repairs or continuous turbine maintenance, the workers were exposed to high airborne concentrations of asbestos. Direct contact with asbestos was gained in demolishing turbine insulations or as bystanders close to this work. Before the total ban of asbestos and asbestos containing materials in Germany in 1992, vast amounts were used in the power industry without applying effective protective measures. The dangerous procedure of removing asbestos lagging and spraying asbestos pulp on steam turbines was restricted before 1992. From the start of the surveillance program in March 2002 until July 2004, 1,019 male cohort members (mean age 66 yr) were invited for examination; 839 individuals took part in at least one examination; 180 refused to participate or did not respond to the invitation.
We sought to obtain reasons for non-response from different sources. All non-respondents were contacted by telephone or were sent a questionnaire by mail. We obtained further information about individuals' actual health status from communal registration offices of individuals' hometowns and local health offices. Based on standardized methods to calculate response, cooperation and contact 10, 12) , we applied the definitions to classify the response proportions. The reasons of non-response were classified into those who refused to participate, felt ill, had transportation difficulties, were deceased and those who did not reply. Non-respondents who agreed to participate after receiving the reminder were named "late respondents".
All invited cohort members were followed up after sending out the first invitation, no matter if they had actually been examined, refused to participate or did not respond. The individual follow-up periods ended at the end of July 2006 and were calculated in person years.
The statistical analyses of the categorical variables were performed using absolute values and their relative percentages. Comparisons between respondents and nonrespondents were tested for statistical significance using the Mann-Whitney U test and the Chi-square test, except in calculations with a small number of cases, we used Fisher's exact test. In order to account for multiple testing, the alpha value needed to be lowered (p=0.008) to account for the number of comparisons being performed (six). Therefore, we used the Bonferroni correction. To compare the frequencies of lung cancer cases between the respondents and the non-respondents, we performed the Breslow-Day test, which analyses the age-adjusted proportions of the incidence density. Further, we compared the influence of the variables age, period of asbestos exposure, distance to the health care center, smoking habit and period of retirement with the incidence of nonresponse, using multiple logistic regression analysis. The variable latency was not included in the multiple logistic regression because of the high correlation to the period of retirement. Statistical analyses were conducted using of SPSS, version 12.G (Chicago, USA).
Results

Reasons for non-response
Of the 1,019 individuals who were invited to participate, 180 (17.7%) did not appear for examination. Table 1 shows the reasons for non-respondents staying away in detail. The main causes were refusal (35%), illness (23.3%), death (16.7%) and difficulties of transport (13.3%); 21 (11.7%) individuals could not be contacted. The reported diagnoses among those who felt sick, were immobility (7), heart diseases (5) such as myocardial ischemia, coronary disease and strokes, asthma (3), dementia (3), apoplexy (3), disease of the eyes (1) and infectious diseases (1) . Malignancies ranged from cancers of the prostate (3), lung (3), mesothelioma (1) and colon (1) to the skin (1). We also investigated the causes of death of those who had died. We found benign diseases of the heart (6), apoplexy (2), gastrointestinal bleeding (1), abdominal aortic aneurysm (1) and malignancies of the prostate (4), lung (4), mesothelioma (1), colon (1), pancreas (1), and carcinomatosis of the peritoneum (1) without information of the origin.
Differences between respondents and non-respondents
To estimate potential differences between nonrespondents and respondents, we compared those who came to the examination with those who were potentially able to attend. Thus, in this part of the evaluation, deceased subjects were not included. Table 2 shows the differences in their main characteristics. Non-respondents were on average 5.2 yr older than respondents and the time from the beginning of their asbestos exposures to the examination (latency period) was 4.6 yr longer. Respondents retired 3.7 yr on average earlier and the mean distance to the health care center was 18.2 kilometer less than the distances of the non-respondents. We found no statistically significant differences in exposure times and smoking habits between the two groups.
The influence of specific variables on participation was investigated using a multivariate logistic regression model.
The results are shown in Table 3 . Older age and a long travel distance to the study center were significantly associated with non-response, while the period of exposure to asbestos, the smoking habits and the period of retirement were not significantly associated.
Follow-up
The cumulative follow-up periods were 1,540 person yr (mean 1.8 yr, STD 0.8) for the 839 respondents and 347.6 person yr (mean 2.3 yr, STD 0.8) for the 180 nonrespondents. 
Lung cancer and mesothelioma
In the course of the observation period, six (4%) cases of lung cancer and two (1.3%) mesothelioma cases were diagnosed among the non-respondents (Table 4 ). In the group of respondents 25 (3%) lung cancer cases and six (0.7%) mesothelioma cases were detected. There was no statistically significant difference between respondents and non-respondents regarding the prevalence rate of lung cancer (p=0.559). For the respondents we calculated an incidence density of 585 cases of lung cancer per 100,000 person yr as compared to 863 cases for the nonrespondents. When comparing age adjusted incidence densities, there was no statistically significant difference between the respondents and non-respondents (p=0.882). Because of the small numbers, this evaluation could not be applied to the mesothelioma cases.
Late respondents
After being contacted by telephone or letter, 28 of the initial non-respondents (15.6%) attended examinations and were named late respondents. We used the MannWhitney U test to look for unique circumstances, but no statistically significant differences were found between non-respondents and late respondents for age, exposure period, retirement, latency and the distance to the study center (data not shown).
Standard reporting of the response
The response-, cooperation-and contact proportions were calculated by including those who took part in at least one examination and those who did not participate for various reasons. The response proportion was 82.2% (without late respondents), the cooperation proportion 86.7% and the contact proportion was 94.9%.
Discussion
Over the last three decades, participation rates in various study designs have shown a general tendency to decline [34] [35] [36] . This together with the incomplete reporting of participation rates and the unfounded assumption that a selection bias was unlikely casts doubt on the validity of many study results. Various authors have therefore demanded a systematic evaluation of participation rates differentiating between those who were invited to participate, those who took really part and those who refused or could not be contacted 10, 12, 15, 34) . In this study, we used a method of calculating participation rates, which was suggested as a standard approach for this kind of epidemiologic research 12, 33) . To the best of our knowledge, this method of reporting reasons for non-response was applied for the first time in a study to a surveillance program for asbestos related lung cancer. Stang et al. analyzed the response rates of 26 population-based case-control studies in Germany 14) . The pooled response rate was 68% for controls and 80% for cases. In comparison, our high response rate of 82.2% can be explained by the well-organized study design providing repeated contacts in writing and over the phone and also by the subjects' awareness of the health threat of asbestos exposure during in their working life. Workers with no or sporadic handling of asbestos materials might have less fear of asbestos-related diseases and might therefore be less interested in medical examinations.
Additional follow-up studies about non-respondents are needed if a selection bias in cross-sectional studies is to be ruled out. However, this approach is often seriously hampered by lack of funds and staff or the problem is underrated. Therefore most epidemiological studies do not provide information on non-response bias. Our study cohort of power industry workers formerly exposed to asbestos consisted mainly of elderly, often retired men, who lived in wider areas around the study centers. Long travel distances, the locations of hometowns and various health problems made them particularly dependent on private transport and in some cases on an accompanying person. The costs of transport should have been less important since all participants could claim an allowance based on travel distance. When starting the survey it was obvious that the situation might cause a serious selection bias against old age, long travel distances and ill health, possibly resulting in a too small rate of lung cancer among the examined participants. This was partly confirmed by our results showing a bias in favor of old age, elapsed time since beginning of asbestos exposure and period of retirement among the non-participants. Despite compensation for travel costs, travel distances were significantly higher in the group of non-participants and played a key role in their decision not to participate.
The most common reasons for non-participation in our cohort, namely refusal, illness and decease of the cohort member were consistent with those found in other studies 8) . The reported diagnoses among those who felt sick and those who were deceased were mainly diseases of the heart and blood vessels. We also found malignancies of the lung, prostate and gastrointestinal tract. Because of the small number of cases, we did not perform statistical analyses. However, in industrialized countries these are common diseases of the general population in elderly. Therefore we concluded that the reported reasons for nonresponse, which we investigated, using different resources such as telephone calls, questionnaires or the local health offices, were valid diagnoses.
Almost half of the non-respondents gave reasons, which were unrelated to health, such as lack of interest or difficulties with transport. We consider the high proportion of reasons unrelated to health is a promising option for focused interventions such as additional personal information over the telephone or assistance with transport. That assumption was supported by the fact that our routine telephone contacts with non-respondents alone raised the overall response rate from 78.5 to 85.1% of the cohort members. Selected pieces of information on the risks of asbestos exposure, the aims of our surveillance program and the best traveling opportunities, which were offered in personal conversation, may possibly have convinced the majority of the group of non-respondents. The alternative approach of giving more information on the health risks of asbestos attached to the initial invitation letter may raise fears and turn out counterproductive in terms of the participation rate.
Several published studies comparing the characteristics of non-respondents and late respondents report similar results regarding demographic and socioeconomic variables 37, 38) while others do not 9, 39) . We could not confirm the assumption that late respondents had intermediate characteristics between respondents and nonrespondents 40) . We found no differences between late respondents and non-respondents regarding age, exposure period, retirement, latency and travel distance to the study centre.
Our surveillance programme was aimed at the early detection of asbestos related diseases, particularly lung cancer. We obtained a high response rate with no visible selection bias regarding disease rates among respondents and non-respondents. However similar disease rates did not seem consistent with the significantly different ages of the two groups. The older group of non-responders should have shown a correspondingly higher disease rate. While the number of mesothelioma cases was too small to make any meaningful assumptions, the similar number of lung cancer cases calls for an explanation. The overall bias against participation that increased with age and travel distance may have been less effective in those who "felt ill" and were concerned about their health. It seems plausible that participants developing lung cancer would be in that group. "Feeling ill" without specific symptoms or knowing the diagnosis may have had an effect working against that of old age and long travel distances, particularly in those who were later diagnosed with lung cancer. Although we could not evaluate the reasons why respondents participated, we hypothesize that "feeling ill" or "concern about my health" had an increasing importance for non-respondents, healthy respondents and sick respondents. In that context, the sick non-respondents were presumably those without any symptoms or health concerns, long travel distances and older age. However, non-response bias is indeed an often underrated problem, which can easily affect the internal and external validity of results and should therefore be routinely evaluated and assessed.
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